This study was conducted in an effort to provide important clues pertaining to the conservation and restoration of Aporia crataegi by identifying the spatial distribution characteristics of the current habitats, prospective habitats, and future habitats of A. crataegi in accordance with climate changes. To determine the distribution of A. crataegi, data from a total of 36 collecting points throughout South Korea, North Korea, China, Japan, Mongolia, and Russia are used. The spatial distributions of the data were examined through MaxEnt modeling. The distribution probability rates exceeded 75% at 18 locations among the 36 species occurrence locations, with Gangwon province showing the highest distribution probability in South Korea. The precision of the MaxEnt model was remarkably high, with an AUC value of 0.982. The variables that affect the potential distribution of A. crataegi by more than 10% are the degree of temperature seasonality, the amount of precipitation in the warmest quarter, the annual mean temperature, and the amount of precipitation in the driest month, in that order of importance. It was found that the future potential distribution area of A. crataegi continuously moves northward over time up to 2070s. In addition, the area of the potential distribution showing a habitable probability rate that exceeds 75% in northeast Asia was 28,492 km 2 , where the area of potential distribution in the north part of Korean peninsula was 20.404 km 2 in size. Thus, it is anticipated that the most important future habitats of A. crataegi in the northeast Asia will be North and South Hamgyeong provinces and Ryanggang province near Mt. Baekdoosan in the northern area of the Korean peninsula.
INTRODUCTION
Aporia crataegi is a butterfly that belongs in the genus Aporia of the family Pieridae. They are widely found in orchards and bushes throughout most of Korea, Japan (Hokkaido), China, Mongolia, Russia, and Europe (Kim 2002 , Park et al. 2012 , 2013 . A. crataegi appears between midMay and mid-June in South Korea and between mid-June and early August in North Korea (Paek and Shin 2014) . In Japan, their flight time in flatlands is mid-June while in mountain areas it is early July (Kawazoé and Wakabayashi 1998) . There are records stating that this species had been observed in Gyonggi, North Chungcheong, and Gangwon provinces of South Korea; however, they are now found only in Ssangyong of Youngwol in Gangwon province (Park et al. 2013, Paek and Shin 2014) . Thus, in Korea, A. crataegi is designated as an Endangered Species Level I. However, since 1997, none have been seen in South Korea, even in Ssangyong, Youngwol in Gangwon province (Park 2005) . region of Korea-as the southern limit line of a northern butterfly-have synergistically worsened its habitable environment.
The annual mean temperature of Korea during the past century has increased by 1.7°C, which is significantly higher than the change in the global mean (0.74 ± 0.03°C). In addition, annual mean temperature is expected to rise at least another 2°C by 2050 (Korea Adaptation Center for Climate Change 2015), implying that A. crataegi, a species that is sensitive to environmental changes, will no longer inhabit Korea.
Thus, the purpose of this study is to provide important clues with regard to the preservation and restoration of A. crataegi in the northeast Asia by identifying the spa-A. crataegi is a species that can be very easily found in countries neighboring Korea, such as China, Japan (Hokkaido), Mongolia, and Russia, and it is even considered as a pest in China (Jiang and Huang 2004) . As stated above, however, A. crataegi is no longer found in Korea. The causes of the disappearance of A. crataegi in Korea include global warming, reckless catching activities in limited habitats, and a reduction of their habitat area (Choi and Kim 2012 , Park 2005 , Park et al. 2013 . One important reason for the disappearance of A. crataegi in Korea is that there are fewer than 10 known habitats in the country Shin 2010, Park et al. 2013) . The other factors including global warming, i.e., the small habitable area, reckless catching activities and the fact that the central To apply the data to the MaxEnt species distribution model, bioclimatic variables, which were converted to add more biological significance to the monthly mean temperatures and precipitations (Table 2) , were used. These variables have been used often in a range of studies that attempt to predict the potential habitats of biological species through ecological niche models. These variables represent climate extremes such as annual tendencies of the annual mean temperature and the annual precipitation, the seasonality of annual ranges such as the annual mean temperature and the annual precipitation ranges, the mean temperatures of the coldest and the warmest months, and the temperatures of the driest and the most humid seasons by quarter.
Data analysis
MaxEnt modeling algorithms were used to predict the changes in the geographical distribution of the A. crataegi species in accordance with climate change (Phillips et al. 2006 ). The MaxEnt model is a popular machine-based learning method which utilizes geographical informatial distributions of its current habitats, habitable areas, and future habitats. To do this, we assess the size and the current direction of this shifting distribution area, which changes in accordance with climate changes, by identifying climate factors that can be assumed to have the greatest impact on the habitats of A. crataegi and by developing current and future potential distribution models using only occurrence information pertaining to A. crataegi.
MATERIALS AND METHODS

Species data
Samples of A. crataegi were collected throughout northeast Asian countries that are adjacent to the Korean peninsula. Samples owned by individual persons were used for South Korean samples, and samples obtained through an exchange program between the National Institute of Biological Resources and the Hungarian Natural History Museum, which took place in 2010, were used for the North Korean samples. Additionally, data obtained from Google Earth were used for the coordinates and sea level altitudes of South and North Korea. Chinese samples were collected in Yanbian and Baishan of Jilin Province in 2013; Japanese samples were collected from Hokkaido in 2014; Mongolian samples were collected from Arkhangai, Bulan, Hovsgol, Selenge, and Tov in 2010 and 2013; and Russian samples were collected in Primorsky Kray in 2008. Except for North Korea and South Korea, the coordinate and altitude data of all other countries were measured at the time of collection. A total of 36 collection points were used for the analysis, and the collection points of each country were as follows: 2 in South Korea, 1 in North Korea, 9 in China, 12 in Japan, 9 in Mongolia, and 3 in Russia (Table 1) .
Climate data
It is necessary to incorporate current and future climate data to predict and assess the change in the distribution of A. crataegi in accordance with climate change. The WorldClim website (http://www.worldclim.org) provided current climate data. The spatial resolution used by WorldClim is 30" (approximately 1 km), and this organization provides climate information for the entire planet through its use of thin-plate smoothing spline interpolation on climate data that were collected over a long period of time (Hijmans et al. 2005) .
The HadGEM-AO model data, from one of the many future potential distribution zones, using the RPC meteorological scenario data for the 2050s and 2070s based on HadGEM-AO models (Fig. 1) . The resulting distribution map was then cross-analyzed to assess the direction and range of changes in the current and future potential distribution zone of A. crataegi. The model's explanatory power was validated by using the area under the curve of the receiver operating characteristic (ROC). Jackknife validation was used to validate the importance of the climatic variables which affect the potential habitats predicted as a result of the model simulation (Phillips et al. 2006) . The programs used for the analysis of the distribution changes were MaxEnt ver. 3.3.3k (Phillips et al. 2006 ) and ArcGIS ver. 10.0 (ESRI 2011). Additionally, R-3.1.1 (http://www.R-project.org/) was used for the statistical analysis.
RESULTS AND DISCUSSION
Prediction of the current potential distribution zone of Aporia crataegi
Current potential distribution zone of Aporia crataegi
The results, obtained through a prediction method tion pertaining to locations in which species are known to exist as input. The model then statistically presents locations, from among a list of research object locations, which possess environmental features similar to those of the locations where species are known to exist at the time of input (Phillips et al. 2006) . This model has high predictive accuracy compared to other models which only utilize presence information, and its superiority has been proven through numerous previous studies. Another advantage is that it is possible to develop a useful model by utilizing only a small number of datasets, such as spatial errors related to location data and five given points (Baldwin 2009). In order to predict changes in the habitable zones of A. crataegi, the subject of this study, we assessed changes in potential habitable areas of A. crataegi by applying current and future climate data provided by WorldClim to the MaxEnt model based on the statistical correlations between the location data collected at each site and the corresponding climatic variables. First, we analyzed the current potential distribution zones of A. crataegi using the MaxEnt model based on 19 bioclimatic variables of which the spatial resolution, created after applying interpolation of the meteorological data observed between 1950 and 2000, is approximately 1 km. Then, we predicted 
Evaluation of model accuracy
The area under the curve (AUC) of the receiver operating characteristics (ROC) curve, which evaluates the MaxEnt model's predictive accuracy, indicates 1.0 if the predictive accuracy is perfect, with a minimum value of 0.5. The MaxEnt model as used here is considered to be significant when the AUC value exceeds 0.7 (Phillips and Dudik 2008) . The AUC value of the MaxEnt model here was 0.982; in other words, the model will be effective when applied. In fact, the data obtained from the Global Biodiversity Information Facility (GBIF) shows that the probabilities of the presence of A. crataegi in Liaoning, Shanxi, Shaanxi, Sichuan, Sichuan, Gansu of China and Khabarovsk and Irkutsk of Russia ranged from 20 to 80%. This finding was in good agreement with the predictions made by the MaxEnt model used in this study. In Korea and Japan, however, it appeared that there was a large gap between the current distributions and the predictions. It is known that A. crataegi currently inhabits only Gangwon with 19 bioclimatic variables applied to the MaxEnt model, showed that 18 of the 36 presence locations had a probability above 75%; 26 locations showed a rate that was 50% or higher and 32 locations had a rate that was 25% or higher (Fig. 2) . In South Korea, locations with probability rates of 75% or higher were limited to Gangwon province, whereas in North Korea, they were concentrated in Ryanggang, Jagang, and Hamgyeong provinces. In China, they were concentrated in the Jilin area, neighboring North Korea, including Liaoning, Chengde, and Shaanxi. Hokkaido had the highest probability in Japan, and it appeared that A. crataegi inhabited mostly the western region of Japan, from Tohoku to Chubu. Also, it was found that the probability was high in the regions north to Arhangay in Mongolia and Primorsky Kray in Russia. The probability of the presence A. crataegi in the 36 investigated regions ranged from 15% in Khovsgol and Tov of Mongolia to 90% on the border of China and North Korea, and Hokkaido in Japan. (Table 3) . For the variable BIO4, which is the deviations in the monthly mean temperatures, the probability was highest at 73.7% in the regions where the deviation was 10.4°C. This result shows that the probability of the presence of A. crataegi is above 50% in regions where the temperature deviations were between 9.6°C and 12.3°C (Fig. 3a) .
province (Kim 2002) , but the prediction included portions of South Jeolla province and South Gyeongsang province as well. Also, it is known that A. crataegi inhabits only Hokkaido in Japan (Kawazoé and Wakabayashi 1998) . However, the predictions showed that the distribution zone included regions in Chugoku. However, we conclude that the predictive results of the MaxEnt model can be trusted, especially considering that Seok (1937) reported that A. crataegi inhabited Gyeongju in North Gyeongsang province and Mt. Mudeungsan in South Jeolla province. In addition, one record by Gorbunov (2001) extended the distribution zone to the 35 o north latitude line, i.e., the temperate area of Asia.
Evaluation of importance of variables
Among the 19 variables, BIO1 to BIO19, which affect the potential distribution of A. crataegi, it was found that BIO6, BIO8, BIO10, BIO11, and BIO15 had no effects whatsoever (Table 3) . The variables BIO4, BIO18, BIO1 and BIO14 had impacts that exceeded 10%, while the rest had impacts that were below 5.3%. The variables that had impacts higher than 10% were as follows, in the order of significance: 1) BIO4 (Temperature Seasonality): 25.9% (calculated by the deviations in the monthly mean tem- Compared to the current potential habitable zones, the future potential habitable zones were expanded in 13% of the regions and reduced 60% of the regions, with 26% of the regions showing no changes by 2050. The future potential habitable zones expanded in the Primorsky, Khabarovsk, and Sakhalin regions of Russia were reduced in the neighboring regions between North Korea and China; Hokkaido in Japan; and the Chengde, Shanxi, Shaanxi, Sichuan, and Gansu regions of China (Fig. 4) . Also, the future potential habitable zones for the 2070s were expanded in 20% of the regions, reduced in 66% of the regions, and remained the same in 14% of the regions. The future potential habitable zones expanded in the Primorsky, Khabarovsk, and Sakhalin regions of Russia and Heilongjiang in China were reduced in the neighboring regions between North Korea and China; Hokkaido in Japan; and the Chengde, Shanxi, Shaanxi, Sichuan, and Gansu regions of China (Fig. 4) . Specifically, it was noted that the habitable zones with a high probability of the presence of A. crataegi largely disappear in Hokkaido. The final results show that A. crataegi's potential distribution zones with a high probability of the presence of A. crataegi continuously move northward with time up to the 2070s. This northward movement was more apparent in Russia than in China or Japan.
For BIO18, the precipitation during the warmest quarter (a three-month period), the probability of the presence of A. crataegi was approximately 70% in regions where the precipitation was around 400 mm. It was also greater than 50% in regions where the precipitation ranged from 315 mm to 590 mm (Fig. 3b) . For BIO1, the annual mean temperature, the probability of the presence of A. crataegi was the highest at 64% in the regions where the value was 5.5°C (Fig. 3c) . For BIO14, the amount of precipitation during the driest month, the probability of the presence of A. crataegi was nearly 90% when the precipitation amount was approximately 65 mm. The rate was 50% when the precipitation amount was between 30 mm and 115 mm (Fig. 3d) .
Changes in the Aporia crataegi distribution in accordance with climate change
We divided the changes in the potential habitable zones of A. crataegi in northeast Asia into four levels according to the probability of its presence. These four levels are la- 
